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INTRODUCTI~V

In October -  1 ~(( w i r ~~— t u n n e l  t e st o  W e r e  carri ed out oi. an oscillating

model of t h e  F—5 wing with  and w i t h o u t  ex t e rna l  s tore , if  present , th is

external  o t o r - e (Ai M—~)J m i ss i l . -  + laun -~i e r ) was mounted e i ther  at the t ip

or under the  w i r . ~-.

The aim of t h i s  in v e st i g a t i o n  wai - to de te rmine  the  unsteady ai rloads

~n a r e r r e s~~n t a t i  ye ti ~~ .~ e x — t y p e  wing  in the  t ransonic  and low— supei—

sonic  speed re~~ir n e r  •

The wir - ’ n -1 w -t ~- o s ci l lated i n  p i t c h  about a 50 per cent root—

chord a x i s  at f r -  ~uc:. - ~es v-~ry~ n q 4 40 Ho ( f o r  dimensions see Fig. la) .

The Mach n u m b e r ’  r’an~-ed be tween 0 .6 an~ 1.35 . Detai led  pressure distribu-

t i o n s , b o t h  s t ead ’,’ and ursitea iy, were measured over the wing, while mo the

r- - ~ o - t ~~~~ t -  • - ‘ ~ vr. ~‘~~i -• ica~~- w e r e  obtained . A desc r ip t ion  of the expe~~—

nenta l  s e t —u  arJ th e  t -st sr- ~~ rac: is given in Part I of the  presen t

repor t ( H e f .  1).  Th e results al- c publ ished in a data report ( R e f .  2 ) ,

whi 1.. f - r i -  t-a r - ’~ :~n fl~ ru~ t h ey  ar e ava~ lable also on magn et ic  tape .

Ta ~~- - ~~~- t  i r .  t h e  C , o x t i o n  of t h e  data reference 1 is supp lemented

by t h r - - a r l i  :i anal ;ar~~~, cov er i ru ’  su cce s si v e l y t h l -  clean wing, the wing

wi th  t i p s t o r e  and t h e  wir ,- w i t h  underwing store . Each part contains plots

of ~h -  :tea~y, and u r s ~~. - i - ~~.- pressure dis t ribu t ion s and gives a brief

s of some cc l  cc t -d i - c ul t s

Th~ r - e: - ent  F a r t  II  -aver s  t h e  clean w in g  con f ignra t ion , of which

some p r e l im i n a ry  r - -~su1t s  w-u e ~ i ’ er . al read y in r e feren ce 3. Fi~~ire lb

~ha t h e  clear ; win4 m o u nt e c .  on t i . — i d e  wa l l  of the NLR Hi gh Speed Tun-

ne l  ( H S T ) ,  w h i l e  the  lo c a t i o n  of the  pressure ori f ices is gi ven in

t’l (O re ic

Fi rs t , t h e  s tead y f l ow f i e l d is d i scussed , wh i ch includes shock

p o s i t i on s  and quasi—stead y pressure d i s t r i b u t i o n s .  Nex t  the  vibrat ion

modes of the  m ode l  d u r i n ~ the  uns teady tests~ are anal yzed , followed by a

presen ta t ion  01’ t h e  unsteady pressure and load d i s t r i b u t i o n s .  For a few

cases a comparison w i t h  theore t ical ,  resul ts  obtained w i t h  the  Doublet

La t t i ce  method is  gi ven . Final l y, the  value of the  pressures measured at

the  w i n d — t u n n e l  wall is examined .

__ ______— - - rn— ----~~~~~~~ -~~~~~~~~ —~~~~~~~~—~~ -~~~~~~~~~~ --  - ~~ -~~~~~~~~ - ~~~~~~ -~~~-—- =- ~~~~~~~ 
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‘

i l l  s ’ :- . ’ : r. o r ’ - r - :0 : 1 5’ or ’ ‘:. - s:-sc :;- : a rc-  l a . i i : . c ’  ;-:it:. Pa-::.
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‘ 0 ’  I i  il l ‘ ‘ ‘ - - r  c .  P , : - ’ ’ - r , a S s , : : - : .  ; c nc-cd : ’  ‘a . - r :a x ; r r . - :m has

a r- -t I’. - ‘ .t c : :’’ c r ; - : , :-:Pi - ’ i l’ - - a rn :e i :-: t i ’ - ’:r ’ .’e ci roc::cis: , —
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, t h e  wron c ’ value t o u r s  on

so; - I c -  :: - - - ir th e  1 eadin c’ t-  , -, - war :- - :0 a-e ,t  by a new v a lu e  ‘t’t a i r :
by in t er p o l a t i  or : between the  : : c ct i s r~~ .‘, 0 and n .
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3 UN STEADY R~~3tJ LT~J

.1 .1 ‘Jit : r ’ : tt i en  rod, ’::

To m o n i t o r ’  t l i . -  vibrat i on m odes of ’ t he  wing dur ing the tests , the  mo-

del war: equipp ed  wi t : :  ei ght a :selerometers  ( f o r  exact locations see fi gure

la) . Ti: , - ’ r o - a i o n g r : -i f ’  then - ars’el . ‘r -om ’- t”r : ;  were used to mak e analyt ical

approx ima t ions  0? ’ th -’ vi bration modes for the 20 and 40 liz testruns. The

po1~rn om nia 1 , - x p r ’ - s : i  -on t i r e d  f o r  these appr -oxin iation s is :

~ a x
fl y O ( m 0 , 1, 1 ; n = 0 ,1)

Tl:i :: - - x c r ’ , - : : , -i  or : a. - -, - - : r : r -s t O  : 0  ‘anna ’ : -or : 1:1 - - l :o r ’dwic ” di rr- c tj o n  ar:d a para—

bo li c  - i , ’t ’- . : ’r n a t  i - a r :  i t :  -arn -~~. t i o r , . Iii l I : : l n g  the measured values ,
t h . - rea din 1’s - - ! ‘ a ’c- ’ l e r -  ‘rn - ’ ‘ - m s  0 .-ars? 7 were °a re fu l l y wei ghted to ensure

a r ”a l i  j t  - L - - -:‘u”Io pr : :- - : . t  01 ’ t r e  t : ir:’i  i . :ii., ’le alon g tb.-  span . Taking th i s

ir : t o  a:- ’-: u. ’ , r ’ a : -  :i] ] -‘a br - - i ’ : on r n - a  I ’ -: , S di f f ’ . - r ” - r i  ce between t F ’  analyt i—

-: a l l ,~ 1: , :- : ’  a -c; : : - t S  - : i ’a - n  1 t r. t :r is. 2 U ,  - - - .‘ no- r’; :cti ’r , tal readings remains

a1 t I : i : .  2 .  c- : -o r. ’. 0 ’ the ”:i:.:imtl . ! ;oc ia ,  aer : t  • Table I presen t s t he

:: -u : :’ !’ : - al - .‘ i t - : ’- :  o f  - r e  - ‘00: ’ “ ‘5 1  ‘c ’ S 1 :‘ or’  f i t  a analyzed vibra t ion  modes

. . o r-s : - t l i : - i t i  o. i .  a r c : , : :  > :0~~. I i , ’: ‘ t a t  at t b -  :~angsr c-ct ion of a c c c - i e r o—  1’

met ~-r 2 :1 , - t ~ .~~°c : ’  - : I ,  - c r - - f e  or ’ i S - i  i lat i  a r t  equals one.

7.: :ll t , : ’. r ’a ’ , ‘ v i i ’r j~ ; -::: l b - - i a . ’ ; - ’ r i r  of t i : ”- :-.- ir l c ’  tb, : v i br a t do:: -:
:50 I - : , i . - • 

+ o- ’ h .il l~ c i ’ -: - , ar’° ol - t t -- i  in :‘i .o t r - .’ 5. The i l ot s  i n - i i - - a t e

t h a t  1- u P  f a n  -‘0 u i  10 r~~ t .] a ~ li:: ’ la- -n-I: :  ba -kwar ct ::  w i th  l r . -’r’eas l r: (

P-~ ::: . l - ’ - r ’  op t - - -i 0. ° , a f t - c ’  -. ch i - :P  i t  :rcov ,’:: forward aga in .  Al so , f o r

all  ~‘It- - r  r , : :nl--  :5  ~o~ - c a - i - i ]  l i : :  - at .10 II.: lay:: a }” .a-i of t h e  on:- at 20 Ho •

F’ i r ’ t i - ’r ’ ‘ o r ’  ‘ill - - isr e:: i t  n’: : f et i d that  th ’-  p i t c h  ar ,5n1o i” .’mai n”  i const -ant

ov er ’  t he  - c u .

3 .2 Un u t - i - I ’ ,- : ‘ r’c -: u - r ’ - -

3..: .1 (
~i ’rierai

A lso i s -  n ut ’  - a l ’ ,’ p r - - s ocr” I i s t r i l o t  I o::s fo r t h e  c l e a r ,  wa r t s  co n f i

ratio: : (t abu l i t . - . :  :r .  r - . - f , ’ t ’ , - , ’r- 2 ) ,  n a ”  Us ’ , -: :  :al ‘It  ‘- -~~~• 
T1 a- plots to-

geth er  w i t h  a li::t of the  r e l , ’:ar: t f , ’s- t vari ables are si ven it ; Appen dix

II .C. For b e t t e r -  compar i  son U. ’ values on t h e  - lp n’:’r:;i de are shown w i t h  a

rs- ’j ’r ~r ed ::i, ”t

5 
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.2 I t t :  s t  - : i ’Iv  p m’ e::: ci r” l i : :  t r’i b u t  i or !, :

The ~~~~~ ,‘ ‘ nu. - : .  t - i  the ::’ - ~~; c t o - t i  u t . ’ ?  c:ci~’ p m ’ t - : r sc i l ’c ’ : :  on the  wing  w i t h

m’ ’’-, ’r ’ : ’ - - t t o  Pa- - f ;  :: o :::h- ’ - r ’  cod I’ r - , ’ ’, i r , —n , -v L: :  : f:sc wr ;  i n  i~~~~n -  t of p lot : ;  :.:e~ eeted

t ’m’s : :i A p i ’ t - r ~~l L X  Ii .0 • l o t ’  :- . - - ] : i e c . t : 1  ~‘s or ’ 20 unf  ~0 U. : , they pr’ e;:en t  t h e  un-

:! .- a I ,v : ‘r ’ , - ::: ’ : u ’, - l i : :t  : ‘ i b ut i o rj : ;  i i i  t he  : : , - ‘ t . i . ’::s 2 , 5 ~~~ : t ?  8 t ’oi ’  a- ’~li~ 50l i i t ’

(P~ 0. ’ ), a t i’:~~;. : , o : : , ’ (P : i  = 0. ~ j,’t-I .i ; r c i c , , - m ’ ::o r c l , ’ (Ma 1 . o~) Mach
- 

• 1”’ : ’  t f a -  : t i b : r , , r : i , ’ ~a s -  t I : , ’ s ’’ ci s t .  a r e  .:u r ’p i. - :c;: ’i ;t , ’d w i t h  it

th . ’o m ’ , ’t :  ‘oil :“ ‘s c ! I t  - ‘ i c t a i n e d  a-i t I :  t I c , ’ l t ’ c t h l , - t  U~ t t u e  method ( R e f .  4 ) .  This

:::e Hr  o. I - ‘ ‘ :: ;m : : t , - .r t I t ,  ~: : ; :c r c ’  1:: : t: 5 t ‘ - : i , l v c i ! ’ . ’.: - i t  i - i ’ m’ -~:::: i I i  f t  i t :  s i r  r l ’ac, -

i i :  f t  - ‘:1 r n  H : e :y c , ’: n - : : r ’  ‘ 1  1:: s! ‘-a I ‘.- m e : :: - - u - - s :1,’ , , 
~ re~r . -:; t • - 1  : - e pa—

:“at ’ - f n’  ‘ o r ’ l ’ . ’ t i .  . : j j , -s  - ‘I ’ r i ; . -  w i c p ” . A:: :t ~‘o :c - , ’- : u . ’rn’ . ’ t i . ’ t }c , ’o r ’.- t i , ’:: T l i t ; , ’

i n  1 : . - t ’ i c ’ : r ’- , : cci u t - f : 1  r- ,’:’:’ ,- : : , ’: t : :  t i ; ’ ‘ r ’ , - s : : t : m ’ , .i :r :c ’ - I i  v i d ~ d I’ t w a . ‘ 1’? .-

r u . . - ]  - f i s t  r ’i lo t i  -. ‘:: :s, - , t  t I : , ; : , ’ - ‘ : u l  s - : ] at  5:, : is -a ‘,‘er :  in t’i~~ i r’e

A t~~: r o t  i : r c c , m ’ ,- s ; r t  on fr omn I :  .-~~t r ” -  : 1. : l i i i !  i i i  , , ‘st i  on 2 : ‘:; t i r e  ; : m ’ p ’ - i ~~

si - i t ’ t u e  P i t a  o U t .~~ r ; e . i  ~~~ 1 f r  th e tul;.- ,: ui I t b -  b i t t  i t  .‘s :tr . - I:: ce m ’ l ’,’s t a~-r ’ ,’ , ’—

a] , :o i - : i t ! :  t ::hock p r - s o t  • ‘N: L~~: l c : I i  - ‘ i t , ’; : t h a t  + 110  ex p e r ’ im ~- r ; t a ]  ly

:- w , , ;: ’, - r ’  l ’ cc r : s t l  a c : . : s i  ti;. I i i i . - . ; ‘ i : :t , ’ rrr , w h i c h  c-o r’ .- o t c t : i i : : , - ’i - i s

- ‘ . :i lo . ’s ‘i- a:: .1 l a r ’ . ’e m c : i c : : l . ’ - m ’ of r’ - :t , i i r i t ~ r ( . :t -e r ’ . - l ’ , -r, ’:: ’ - , - 1. ) ,  i r ; d, - .’, I

a c e  1 - ‘ , ‘c r ’ - . - - f  ‘ r i b  H i - ’ : ; .

W t , . - r :  - -o rn ’j I - r i : , - t I i , ’  m i s t  r i : ; ’ ,’ ‘:‘ , - s su c ’ . - di;: t i-i h i t !  ion  or ’  lIt = 1) .1-

( i”~~~s -:1 u :  I c . ’b)  I !  is  ‘lear ’ t hat  t h e  l’ , ’f : : i vc  - ‘or n v - i ’  t I : , ’ w i n S  I ; :  v - n ’ S

o r  - t  a; 0 . In t h i s  I c  or ;  ,: t c ; t l  c - ,’ ‘‘ ‘ t im ’ : :  i n c  t i c . ’ - i i : ?  m c —

[- -0 j - ‘r: - ‘ n:  U. - t i ’l’ , ’  : 5 1  : -  - . J U l ,: tar I ~~~ 
s - - c : - ; - . : ‘

~‘i-  a t  I l e t : ?  f i ’ .’ qc ; - ’r : t -i ,-;r (see

also A: - :  : 1  X I i  • 0 , hut  j  : L : ’ ‘Ti :’; l i i : - I : ;  c , , : t : i ; : i s f . , - e f ,v - I i  ~- t . ri b i t t  r ‘m r

‘-Ic  0.- (1- ’: , - . . ~~ ; e o r ’ i . c ; s t t  t m  I ’ .:’ t h i s  i c c ] :’:, - i1: r i o t  n O - e l i  l v

I i i  I . , ~- : : ‘ - - ‘i a I ly s in . ’ . - i t !  Pa = o . - ‘ ( I - - i • • cr “ c i i  c - )  i t i :: n. ’t 

t u : , ,~ 1- - : . , ’. -

1’!:’ - - , ‘: :o’:ir’i  . - - -: .  vi t I. ‘ f . , , ’ c ’  - t c , - :i I t’ , ’; :ol t i :  I ’m’  i- H it - ‘0 :iod JO is :2; , .rc: :

a s - nv 0 ’s - c  - i s  r ’ . - , - r :;, ’: : t 1- , - !  a - . -:~ t E : ’ - a r ’n - :u:d , o c ’ , - m ’ i  ;:;, - i c t  , - x , - , -: t o f ’ ,‘,o u r - : :, ’ 1 : :

* i a: ~~~. ‘ -‘- ;  n t  f : - - m - , t t i : : f i  - r i !  , - ;: : : L ?  f l ~, - ti e’ , ’, ’] - ‘i ’ r :c , - c ;  I wi t h t ’1’eqc ielr t ’v i::

- - m - ’ : : - . , ’: l a m ’ , :1;.  o wi n : : :  t U ‘ - r i ’- : - - ! r o a r - l i;; }:e t I . - ’  n ’ ?  1 i i  pr ’ed 1 ct  1~~i c r :  •

A t lIt = l~~ ‘ t f , - : : f : ’ a - ’k 1 : ; - I : ; - - - ,l pec~c s , :tl n ’ . ’a! v i ’occ rnl m mc t i r e  i c t a s i —

2 ’  t - I v  - I r s! m t-ut i - rio (Fi,.~. “) , i : -  ‘r’, - ::,’c. t 0.’- ’ i t ;  t f n ~ cu:t: tt - :iIc ’ l ist r’r

I - i t ! :~~~~,: - u , ! t ? :ev  i t ; ’ “riot t ’v with 1 r ; ’m- ,-:t : ’ lci, ’ r’n ’ ,’q- :.-n n ’v. At 20 ii. : (Pi0. !- .‘~~ 

f - - Os. ‘i ’ - i shoc k show ct ~’ only iii s , - s t  i ‘m t~: 0 :uc,1 ~ on tire nipper’

- ‘ * - - hit! i i ; ’ , - :! i o n :  ‘ ‘ t h~- t~i i’s t ~‘i ’i m i t  - ‘I ; t I : ,  - ii pp,’!’.: i - I , ’ t a;: 1- , - , -r; ,‘:: t
matt’’l , u n t o’ : t . ’ i ’itct l t V

I,

_ _ _
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ru i’Lt - 
‘ -
, wh r I i ’  1 m : i : , ’ , ! r - ‘i t  2 ‘ m t  i ’ ’  t i r  r i  1, -s 0:.! t n t  sos t ion I ‘ii the  I ow .. ’ i’—

ri le ?i~-~~ .-;i1 -
- ‘rue 1 , 1  a. ’ . - l:-tv~’ t i -n-.-t n’ .- .l • A 1 ’ 1’ i n ’ ’ n : k  ly l ie::,’ bulge:: are c’au;a’d

by a - ‘‘at] * ‘;: - ‘ , ‘r ; - - 
‘ ‘ - ‘1 ’ n’ . ‘ r’y cc’ ’. ik - ho’  ‘k 1 - - ! - : , wit i c  ‘ii ‘ ‘it end fm’ ’::: the ‘nt 1 of ’ t ito

sic , . ‘k near  ;: ,‘,‘ t a ‘iii ‘ - t ‘wa i’ l: c ffr , - m ’ , .- ‘ t - u - I  ci ,’ V. ’ rrp: :t r*’a,’rl o v , - r -  a Coil :nl d e r

‘ibi’ ’ ‘ i r ’ t  , n f  f t  ‘ f : , ’r ’d . A t  f ; t a i u ’ m ’  ,‘,:, - l l i t ?  c ‘ci t ’!’,- :I c i , ’r ;t’I , ’:: ti ; , ‘:: , - ; : ? t , a c ’k l , ’ t : :

, 1 , i : ; , ‘t  rmr ’ov . - i: r o t h :u . . ? c,’ncv , - m ’ ,- ’o- i t t , .  :i w,’:tk I , :t rusi’t- ;:t :tt’l, ’ ;‘.i c ,cc ’kU’t

thus ‘ U .up—c::,’ t i:. Hit i’’ :  i n t o  : -h :t n ’ ? . ’!’ ‘: 0, :: . ‘I ’ ita ; ‘- , I , ’v , ’ i  :cpcc ;’ ’c ; t  I:: i— lear a rt

tb. i i i : : ?  m c  l i t  1 ‘n ; : :  i ’ !  ~1 
‘i’ ,’, ci, ’to ’V - ‘I ’ .10 H :: (Fl 0. i ’ d )

As ,‘ s ’ - I , ‘2 , w I ; ’  n t ? : ,  - M i t , - ? ;  rict :: : I ’. - n ’ a : ’  c o - c ’ , - :a: pci t , c Ma = 0 • I’ - , the

::lc , ’sk jn:cji i , ’, - ,1 p .- -~ ::: in: - i l l ~~~ c c ; : ’ ir rov.- l ’ :i - -kcc .tr’ ,I;: t o  :i l ’ , ’ot  80 ‘: ta t ’ t h e

- li .m’- i (Plf-s . m e  - u :-I et’) • i . : ; c i i r ’ r : : . m: i ’ e t cc . - . -n :  l i t , ’ q;t :i;:i—steaciy (Pig. t i )

i n t l c i i i :!  ‘- i f ”  r ’ , - : : : :c r i ’ , ’ i i  . : t  r i  i t  U - ‘ c u r  :rh ’ic t f : : i  t 1: - I c  1’f ’ ei’en , ’,’:: h~-’t~ ep ii up—

per— and l~~o- , - : ’ ; : t  i .  i,’, 1.55 t~ .r’ t i: , i t  U - n - . Iiowev, ’m’ , in ::*‘ c ’ U s c ;  8 the

- i i  t ’t ’, ’r’ t ’rc  ‘es i t t  t : t  b u t  ‘ ‘ 1  t i  tic , ’ f l ow  i: ’  . t: lcl  I. i i , - t i n  i’einai ii c lear l y v l s i  bl ,‘

i n ;  t i c , - t ic : t. • - it, f ; ’ , ’ : t : : ’ - - , : • A. ; I i : .  - t ’ to ‘q r ct ’cc - I~ I n c - m ’ . ‘:t::, ’:: ( I : ,  l c , ’ic: t vi oct  p ot ’ t i re

h- i - I, i c : - i ; t .’d .,-~iI,:r i i r . I t s i t , ’ ui Ic ; c - n’ ,’:t:; , ’ ‘ f e, . . - I t + ’ w i t i t  m - . - : r p t ’ c t  to t i r e

‘r r ’ i  i l - it ‘:‘v : : c - ’ f  i - ’r

FO r’ i t t  1 • 1’ ’ U :1- t in’ .’:: i t ’ :ut .i :1: : : I : , .ic :t v - n - v  n’ , ’,1-c i I an ’ t in : : ?  ,‘a~iv ni i’e; r,:t it’ ,’

d i :~ t i-i b u t  t i n  wi ; I - f ;  ‘ n i l  y - ‘r : 1 ; , ’ lo~ , -n ’ : ; ; t n’ I ’: i - - 
‘ - s 1’ t I ; ’  - wa n~ sorccewiiat ci ’vi at c r :

f’rorct a v i  ‘-:i I : t t I .~ ’ t :O ’r’, cc ‘ - l ; :t : ’ , i t  or • ‘Pi t. ’ c’ . ? I : . - ,‘r ’l ’.-;’t of’ t ic e ;:ci,’t ion peak

fleit r’ t i , - t . ’a d i n i g  - i a . ’, c c I t t  si: f t : t : :t t.- c: ,l ’ - rc ’v 1-,. l’n’ .’:~ I , ’rc n .-;tr’ the tip, 1::

cI ,’ar ’lv vi::ibl,’ . ‘Pit .’ !‘,-I ;:t :’ t , ‘r im- Wi t i t  t : - .o;c; . - c t - -y i~r : ’ h::- - ’, t n ’ , ’,i by t l r , ’ ~~~

l , ’v, ’l ‘i ’ the i :;; :iotrc :L :’\- ; ‘ :in ’t of ’ t .fo- .n’ -s ;; c ; n - ,’ I t  : : t  r’ihtiti ,.ni

• 
‘. Pr;:? ,-mlv I, ’: I i c : :  ! , : ;  i c r ?  t ‘cc::

‘Pi t. ’ t ’ , - l;:c: ’i , ‘c : c’ ‘if ’ f l : - tint:: ! .- - i - iv ::,’r’: :;:ct I s,i.i i rc ,’t~ in t h e  s,’eti ,’rc:: 2 , 1

u ; ?  8 a: :t !‘c t n;, ’t i ‘c; o f ’ P:i -i: n c crn ttl ” ’ I’ is pr - ar -cc ‘ci i m c ‘i ~= cti- e 8 f’s r’ f’rc’quen—

t ’ it’ :: of’ ‘1) u 0 l iv . (l .cnp :rc’c t i n t tc t  t i t  t i  ~ncn ’e 1 rdc ,’w: t.inm expt ’t ’t. e;l simila~~

i t v  1’. ‘t i c , ‘‘c: tic , - - i t t- ‘ : — :: t , - . t i v  i t ’  r’rccal ‘on’ - - ,- -s.’ t ’t ’ iea ,‘mc !. ~~cd the real part

i t  t in  iii :: ;? ‘i t,?: re’r’rtt:l 1 l’s!’,’,’ ‘s.’ t ’t’i ‘- 1 , - r i ? • ‘l’Ir e 1~erc em’ai trend is that the

lIt’ ~1- 
- 

r- ’-:t: - I- ,, -:; ,t :’, - *J~. !t’ ’ t  m ’ 14,’a — 1 .0 1 ’.’ I I ‘cc - I by a ii~ ’,’ ret;:,’ wit- ic further

iii n t ’ . I: : i m: ~’ Mac it it cimbe i’ , whi 1~ - I - i t , ’  I :: m I! , •‘ii :u: + e-; : 51 ~~c in c t h e  transorti t

r ’angt’ • N . ?  i , - . I l i i i  l i t  ‘c so i’ - 2 s t  i sic 2 ::ic, .wr; t he  :.tT ready ,les,’ribod

( 1 : 1 1 ’ ! - - : -  ~‘b ) ti l lt  it .  Ma

X ) p~ ~ t h e  in  tegrat ion ot ’ t in ’  to r t :  teady ltr ’ .- :;scir’c’ di strjhut.j ens iii sections

1 and 5 the  ::ei’o value , wrongly measured on the tippersidcc near the
leading eci g.’, was rep laced by a new value  obta ined  by span wise in t e r
polat i o n  between ;:,‘, ‘t i ‘it :: 2 , .i i.Uil1 0

7
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it  is not known whether the sharp peak at Ma = 1.0 in section 8 does show

up al so in the quasi—steady results , uinre no ’oteady measurements were

made at that Macli nwnber. Some of t h e  i r r egu l a r-  behaviour , especially in

section 1, may be oatts,.-’l by a la::k ot’ misol utio r i a n ; the measured unsteady
pressure d i u t  ci bcati on to fu l ly  accoun t fur the et’U--’t of the moving shock .

A~ can be ex~ae”tcd tit .’ ‘li fferenceir b,’ti,’ .: 20 a o l  40 liv are found

mainl y in the imaginary part of the unsteady load d i st r ibu t ion : the Im C
i,  2 ‘ : 1 ’ ] ’ - :  iii the s’:t;roni” o i l  t : - j c s a m t 1 ’ ’  raJ;g’- . Above Ma = 1.2 t f , i ; :

,Ijf’f’en’ec: ”t ’ I,: ri o t  quite e l - -an’  due to the ~t 1::,’a: ’t ::.:-r’n level of the imagi—

nary part —at ’ t h e  w::t.eady p I’e;’- : :c .it’ e iliut i-ibutio mcs (Figs . 6e and 6f). In the

real tcar’t or ’ (‘ 
,~ t l ;c i rrc’gularitic:: :“enr: to in ;t- re a -se som ewhat

The :‘i gur *’ .r -
~ tf :n’sctgl : 12 show the ::orntal . load and pitching momen t dis—

trib ;tti oru- over ’  t u e -p ar : t ’ca z’ tic,’ Pa- -h n u m b e r ’ ; :  0. 6 , 0. ’) arid 1.35 and fre—

q uencit ’s -f  20 a r . :  -10 1k: • It : a , I i i  ti ir: f a r ’  Ma = 0.6 the  theoret i  cal d i s t r i —

but i  or -  , a l ; t a~ :. ‘ - - i  ‘,-;I U: I I : ’  f) ‘ :l,l hat ti ‘‘0 rn -tl:’a ’.i i :: g’i vent

For ’ l-1. i = (1 , - :1 . . 1 ‘ i~, r  c’ s :- : - -r: , - : ,t tii :rtri i ’ t t i ’ r . ~ : are more or less

t t f : a  ‘ H . .- I i  1 ’ !’ - n ’ , - ’ s ’ - ‘ s .: ci :.orrnaily t’,’ttcee:; th,’orv and

( ‘~ - n - ’ , s ] i - - f . t I ’ ,’ l i i ’: - ‘ - , .-et ’ 1’ ’r ’ , -x ~u :: : ’ 1 ’ ’  R e f .  5) seems t~i be—

- - - o r: , - i ! .  ‘- i. ° - I , : - , - : ‘ ‘ : -  i t ’ -  r ’ ,. -:i ’- : : t : ’  it. * f : .  c~~ L e r ’  hal t’ of t h e  icl::g . T h e

c -ass:, : - r ’  ‘ I . i : c ;: t:’- ’fsI- c • -‘i t o t  i J ~ 
- ‘: . 0 L - i e r ’ 1 : . + 1 -  t o e  cu:,:t:’a,Iv pressure

1i: : !  r i b  i t i ~a c ; s  ( i .  • ~c 5 .  I I . - ’ .. ) it  c~~: 1;, - s’~ ! . f ; i t. on the lower side at

1(1 ‘ - 1 ’ ‘ ‘ ‘ - f - : ’ - . 1 ’ . - ;:e’:~~i -‘r :: 5 H , : ’  - -u ~ f 2 1, :f:ibi t arc unexpected  large

; , ‘ - ,-:t ’ i:,’ c - :-” :i,: :-, l : i - f ~ .Ii ’!’st : ’- i ,~~: : r i - i i i . t t ,V H:,- ir;t - ,~c’:ite ,I t’orce and moment

i! a- - : ~It. ,,eC’ siiS to is . ’!: i: Ir : ’ tt ’ :: : :tl brtla,- j c ;  l i t  c u r s  t o a d y  pressures

.r. H :c-  -.::-s~- r’ :’i I.’ Ic; :“:tioi~ H • N ,, ’. : , j :’:’,- ,~ ; l:: :‘l~~:- o ’ ,i: ’ c a t  ‘, .“ ; t m ’  t n t  t h e

; L :;t l ’i U i i t i ao , :-:i;~~srt ,‘:- ‘,‘ I :t im : : :  i.c : c ’ tncuch Uetter agreement

b’. - t i-: - . r :  t l c” ,a n” , u :  - -u” .’ :’i rue:;  ‘ic r ’  t i c o  i:na.a ::ai”~ t ’ o -“c :ij :tl momem it di otri—

buti •r .: • Tb. ’ ‘ -  :‘:‘- - ‘ ‘ t of t i e  f r e q u e nc y  i-r et ‘n :; r::ait ;] . y air a doubl ing  a t ’ t he

1i::itgu:.a: ,’,’ i ’ - i - c - , - arid nnomnicrr t w f n r ; I f s  a;.:- .-i H a l - i  or. f ’n ’ e u o t ’ r c ’y I s ir r cr eare d

from 20 ‘‘ .10 I I . : .

Ar s :. -’ c- .’r , alr’- -:t’f ,v i :: I ’] ~~t r , ’ 8- :‘ ‘:‘ :ou:;,- irld i ’:i - i n - a l - - - - t i : ’n : ; r , ii:e real

- ‘  I ’ t i l e  c r - i  r i :  t] fm ’i” ’,’ : c- c : c I : :  to  t ::‘ ‘ c - i -:L:: - ni 1 f .  P a - : . n u m b e r ’ , wici le tIn ’

t nrca5ir::i n’ ,’ ;‘:i r - t “ - , : ‘t “‘O iL’ : -I  t ’ v , - r ; f , c t a ]  t’j ::wu t o?: , ’:; si ,1- - ‘‘sr na rt o l ’ t I re spai c

Thi: ; is  i l l ;t : r t  n-ate-I clearly in the l ’igc irn : :  :.u::i 11 • The behaviour’ of the

real par t ii: simi Ian’ ?.o th a i f’occ r:d l ’:’I’ t i:,~ :;ta-si —;:tea,1’,’ 21 :1 ti 1”:! i ‘n: ,.‘x—

c u -jo t  t’or the  unexpec ted  d ip  iii ::c’ctj:ctt a~ which :rlncws up in tf ;~’ imaginary

force d ist r ibu t ion  as well as in the  moment . distribution;:. From the  data

i t  is not r u  fly clear’ w h e t h e r  tic i s  di p, ‘n’ perliajc;: th e bul ge !:e.ii’ lice tip,
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is ,lut ’ to i nai’eu r ’acy i l l the in tegrati on lnm’ te’::: ; or’ has a phyni cal cause.

It is suspet’tetI that at least a part of i t  is  sa u :it ’d by insufficient re—

so lu t i  t ort  i tt’ ~’ t ’ss t m’y tt i m r  t ,‘gi’at e over the j.eak:: gt’mtei’ated by the moving

sh ock

The real ; .an ’t ,cl ’ the m c t , ’:rt,’il t ‘ii ;cti ’i bri t i  tint  at Ma = 0 •‘t  van err from nose

down near t h e  r~,c, .I to nrc .::, ’ up rn -t i’ t i lt ’ t i p .  For’  t he  l a t ter  region t h in

mean s tha t  t i n -  real nloi ’r r lal  t ’,’m’t ’c’ a t:: a t  about 10 per’ i’eri t  of the  local

cho rd • At tic ‘ ::an:t, - t I mm ie fi t .’ i nniag i m t am ’y  mn on ieri t di itt r ibuti  on ha rm almost

doubled wi thi m ’ t’: r j ’ . ’~ - t t o  t h ,  ::,tb: :t’n:t viii U,’::.

A r .:up .’n’::- crtt s sj  ‘ - ‘ - i  (Ma 1. s) ti: . cc :,t x ic : :;t:; ; of ’ th.’ m ’ ,’;tl part of tit ,-

rton’: rutI 1 -’ !- - .- i :: ‘ - - i t ‘ - ‘ I rn: ’ !’ ,’ ,‘cc :i n ’I. : tic. ’ t i p  • A:: - - x j ’ I  ii tied al ready iii

5. - s t  1 ‘:: 21’ , liii;: a,: -n  t o * I ; , ’ n; t ’l’ :, -:: t ’ ,-’ ‘ n ’ I I : . ’ i n c , it t , - , - - t  u :g l , -  o f ’ attac ’k

.in i t i ,  - 1 ‘.-ft : iv t cc r t m ’ ’ . - I . ’ c - i : ; : , ’ , - i I g ~ ot t , ?  - n i c ’ -ik . ‘i’ic,’ a c:t:igi c am’ : j.:tn’t icas

cr: , - m ’ul I ’ ,’ :: t _ ,t t t l  v. t t t i : i s 1-I e l  ; ‘ : ; ;; f ’- - c .  ‘I’ ) : , ’ n:t , ’r rt , ’mc t d i : : t  r a  hu ’ : t . i o n t : :  ititv ,-

5 - -f ,It ’ i, : t i t ’  t I l i ’  ,, ; I .  c ’ - : ; - -  ‘1 1~ ’ I i: , - sn:.’’,: rout. - I  ‘ t i ’  I’U = 0 • ‘ . N o w , fo r ’

h’’’ t ’r - - -f t sr :- ’i . -; : , ‘
‘

. 
- i  ‘,:. - : c ’, ’- I - :’ , : t : c ’ : t  I v , ’! ,‘\‘.‘n tic , ’ ;cpait ,

~ f. i I e I ::c i ’ . a n t  , ‘:: i t ’ ’ ; ; : : l t f  : .-~~~ -n . ’ I • “ ‘. 1 - t a c t  m : • I ts  1 llda, s i t  , - ,i if n’ ,’:i,ly t’sr 

it.:: ’ - , - i - ,’ :’:’ ’ - . - ::ti r’’ - 1 , - f  i - i : - ‘ :r i ‘c , t b , ’ - ‘ 1 , - i — f ‘ f ’ I : , - c - I c :  • - t : t ,V a ; : rmil r :i—

i i  ‘ r ’  ‘ :. t — - i f :  :. t: -.; i ’ ’ - m ’ .

I .. ‘ .~~ 
IJrt:: t , oc lv  wit I I  

~
‘ r- . - : ‘ -

Duni c:g tI~, icc :; I— t c ir ;c ,, I f , : :  t , : itm t , r t , ‘.t:Iy ‘ c ’ , ’ : : ; : c t n ’ , ’; : wer e  mnieasured inc a

:c ;, ’ : : i t  o h ’ i’ - ‘ ‘- ‘ : 5 - li t’ . - :‘ .‘ tO to ; - i t  ~i , ’  s 1 - I I ~-2 - ‘ c ’ c _ _ c I 1 o f ’ I i ;e o r

I tr :r ;. - I t ,- :.: - - . - ,  - t i  ‘u ( ‘s r .-  x: L- t ‘ - St  I c , ‘r i s , :,’ ’ - r e  I ’, ’ n t - c ;  - .‘ 1) . The;:,’ n::,-a:::i me—

5 ic - n ’  ::. - ru: ‘ ‘ ‘ c - - ”,’ i i . ’ ‘. 1 . , ’  w : .ll y :r  I : cci t I c  a ::, ‘ t. - ‘1’ - Ia f r i  t h a t  ,:, ‘i i i  1 be

ci sc - I t a  ::t , ., i . ’l fl ;, t: tmt:n ’i . ~- il1 iii lI: , ’, ’ r - ,- f  i ‘a l  - . i l s ; t f  n t  a , . c : ; ’ . I i sw. ’v, ’ r ’ , ht . ’r ’oi- , ’

th ,’ test: II cOt: - n -ti : ‘ ‘ -i al :- ‘ -: t - I ,v I hal  :: , , - : r s ; t r - t  c .g ;; trt ’h uc :. :t, ’,t,Iv j’r ’ ,’s ;; ctm’ .’;:

a n :dus  .‘d I’’,- t i : , ,’:: - c I f r i  t : : a n ut , ’, 1~ - I  ;c. ’:21 ti is p: ’’’: t t - ‘c: :tl.l e . 01 ,- . t n ’  I y , i’o p a

::lot I ,‘d wa l l  5::,- s c t t ’t ’, - r ’ -_ - ‘ n an : :  .t  , ‘ , - i ’ l  t i n t  l i ’v, ’l c o t ’ r i r t:: t , ‘t , l l t : , ’;:; ’ ,‘i’,’ci t..’,l by

t ’low i : :  Int l - ‘ a t  o f  t i c , ’ s u i t . - . ‘I’?: .‘ n ’ t ’ t - r o - , t o , - : u : f t ’’ ’p r ’ , - t . t t . i c ’ i t ‘f .u :y t Ia t , :.i

I - a k i n :  i n  :::i, ’h t .a :et,i- :rt t.t,~’ l.,’ y .’m ’,i- I t  m ’!’i ‘ t i l t :u : , I  I f , ’ :ts. - 1;: .-x j ’ I : t l m l t ’ ~I :tlt, ’i’,’

c: ’ t Vt’ tV n’,’:t 1 i - : I i c

P • - i ’’ ‘1 It. ! ‘so., t ~ a.’ t ,: .:ct , - c r c;: i gi; I in ; I - - tic. ’ 1 ,‘vel ~uoi t h e  ii:: ,’ f i t  ic ‘ i i ’.

n t ’ ti~ pt ’ .’::,’n; f :.tt .j a -t r n : , i t . 1  :u ,tl ~’ ;:i~: i:: p,’ n’ f ’ ’ n ’ c : c ’i. ‘ I i ~~ lirr5 to:-t,I,v preir—

::cir~’~r , a;: mc’asun’ , -I ant t h e  I i  r ’et ’t i , ’r : r i - m i ’ : ; : :  f i t . - :‘i ;at;’- :tf’ove I i : . - ,‘;;,‘i i la—

j u g  , - l , - :u: WI ; ; ,’ ‘ii’e c I t  t - i  cr r ’ i gct n’ ’’ 13 t ’ ’m ’ Ma = i1 .~~, 0.1 antI 1. 1’ am id

frequenci ,;: U t ’ ‘0 :ut,1 .10 II. :  • Pita: :  I’: gct n ’ . rrhow:: t hat f ’ ’ n ’ Ma 0 .n aird 0 1

t h e  iui::teady p n ’i’ ss,tin’,’:: l, ’i;ntv. ’ vm ’1~’ ,llifltpy wh,’nt g~’i r i g  f ’r orr t s l a t  to s la t .

- ~~~~~--- - - ~~~~~~~~~~~~~~~~~~ ——‘- ~ ‘ 
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‘ ‘I - ‘ n :  I h ’  - o I ’ t pa rt of t b. ’
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c i , ’ ! ,  - ‘a- t’ m ac nc ‘0 to .fO h i :  h o’s

n: , ’t p n  • I :  a ‘,‘‘ t v  . ‘. :‘ ‘ -:: i ’ is I up o ’ r n :  : . . ‘, ‘t: rc t r’ .- - f - l i l a .

‘ 1: . - r I : : ’ . , . ‘ i  Pa - - c ,  : - ‘ : : ; ; l ‘ : I • ‘- ‘ - I b ~ - ‘ : : ‘ - r t . :: r , -cc : ’ ’ n t t : : _ i :  ‘cc :t n -c : 1: . i l l ,:
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~~ 
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: Hi I , :cl’, - , ‘i. 1;: , :e ; c : a  c i t  - - I  0 ‘n ’rnr t I ; -  :1,1. wit I ic y r i  , : 1 , 2  , t I:. ’ l i s t  ii n i - c ’.

l , v - 1  is  c c - : ’ : ’  - :  t i - i , - . ,~,‘t::. c t ’  ,‘ . - f . - r ’ . - ’ . ; f  I - ’ ’ ‘ t o c i r ’ w i l l . 1 : ’ , - - : ’  cv 1: : n ’ - - ’: n , l .

H i . - ii :::i ‘ ‘ - ‘I i: . a I  - - : 1 :  c t :  I - . -  - ‘‘‘ma ’l c t , I , - I I c l  it ! I f : . , ’?. t

f - a i r . l,- v , -1 ‘I ’ it: ; ; : I - -  t !~n :’n ’ , -t : .:;: n- - s i:,:: : . ‘ -  t. - - - r .  I f : ’ - t ‘:5 . 51 na Il , I Is - i n

“ :rt ,~ i l - i  1’’ - h - I” ::- I ; :  -, - , - r ” ,’ ::: r t , I ; “ . + I . , r ’ - - : c :  i “; , ‘t ’ t f : ’ u n ’ c  t’i ‘ . -  c u t  ‘ I :  n ’ - : : u ’ , - . I

I” I f : . ’  s t , : :  a: . :  I f  H II :. - I i : ’ :’ : - o f  I I -  - ‘ I  H t ’ ; m ’ ,’ . :::- : r ’ . - ; :  I s  I f . - -

i ; :  - r 11 a ’ nc. ’ t a , - c - - r ’ I 1 ; ,  n .j  c , - -- . ‘ 1’? . ‘  :0 - ; -
‘ - n - r i : .  c t ’ - : : : -  1 t~’ : c : :  - I f : ,  5,- :1 n r a  i;~

I c r - u i  L : :  a ¶ t . , - - ’ m ’ t - f  1 . - a c’ a l ’ s : :  do’ s ‘i - - - ‘k : - c ’ - : : : t : i r :s .

.1 ( ‘~t~ (I~~ 1: ’. I “II - ‘

A ::t :. . : — f - : : :t , ’l l v i ’  c l i  - : i  :: t .  . - r ’ r , ’ , I ‘:5 - t t - l :- :;Sr. j, .. If1\’ - ‘ : s i l
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~~~ 

x 10 (u.  ) K amp l i t a t a h a ’ Pi g.No .

(P a) (degrees )

~80 O L I -  1.0 10 0.100 0.11 II.C . 1
20 0.1 a a -,

381 40 0 . 2 ) - ~ 3

383 .)a 3 0 • ~ -~ -)  -I

367 0.2 20 0.1~ 3 0.11 II .C . a H
368 40 0.307 6

378 0.~ 10 0 .Ota2  0 .11 II .C . 7
20 0.1 ~~ ,

‘ 8

~0 a 1 • 20a~ 
a,)

-~ 70 10 0., ‘ 10

lu-0 0.1 02 0 .1 O L .  11.04 .11 4
161 -10 0 .2 t - . [  0. 22 1 ,’

3 - 7 a 1.0 20 0 .1204 0.11 11.0. 13

-(0 0. 2 -a) 1.1

1a’~ 1 .0 20 0 0 2 2  0 
a a  

11. 04 .1 ~
hat’ 40 0. 4~ 0 .22  16

373 1.10 10 0 .0~ 2 0.11 11 • al .17
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37,) 40 0.173 0.11

372 1.0 40 0 .231 0.11 ‘0

187 1.20 0. ’ 20 0.10k’) 0.~~2 11.0 .21
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1-42 1.35 20 0.100 O. ,2 II .0 .~~

193 O~7 40 0 .1-’)8 0. 1, _ a 24

(Note that in sections 3 aiid 04 t he  04i r ot p o in t  on t 4 i ~- aapperside , show in g a
zero value, is wrong. I t  should not be used in any evaluation • F’tarther the
values for the upperside are plo tted with a reversed si -~a a ) .
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